The piezoelectric face-shear ( 
Introduction
Piezoelectrics have been widely used in sensors and actuators, due to their peculiar electromechanical coupling properties, quick response and compact size. For example, guided waves such as Lamb waves are being widely used to detect damages in plate structures. 3 However, the inherent dispersion property of Lamb wave makes the damage detection process rather complicated. An alternative solution is to utilize the non-dispersive shear horizontal (SH) waves, which can be generated by using the face-shear mode 4 Moreover, to check the purity of the obtained face-shear mode, the impedance spectrums of sliced patches were measured using an impedance analyzer (HP4294A, Agilent Technologies) and the dynamic deformation was analyzed using the finite element method (FEM) at the resonance frequency. 
Results and Discussions
Fig . 3 shows the measured stress-strain curves and stress-depolarization curves of the PZT-5H
ceramics during the 1 st and 2 nd cycles of lateral compression. It can be seen that during the 1 st cycle compression, both the strain and polarization responses are significantly nonlinear which 7 indicates that ferroelastic domain switching occurs during compression. The 1 st cycle strain-stress curve in Fig. 3(a) indicates that the switchable domain is almost exhausted under the compressive stress of 85MPa . When the stress is removed after holding the maximum stress of 155MPa
for two hours, a remnant strain of 0.06% is obtained, which originates from the irreversible switched domains. Moreover, the unloading stress-strain curve is almost linear, indicating that little back switching occurs during unloading. In comparison, in Fig. 3(b) , the polarization variations during the 1 st cycle compression is quite different. It reaches the maximum value of 2 1.2μC / cm at 50MPa , and then decreases to almost zero at the maximum stress of 155MPa .
During the two-hour stress-holding, the polarization varies from zero to about From Fig. 3(a) , it can be deduced that ferroelastic domain switching occurs during the lateral compression and the switched domains are stabilized after removing the holding compression. In 8 this way, the symmetry of the PZT ceramics changed from transversally isotropic to orthogonal, as shown in Fig. 4 . Furthermore, the ferroelastic switching induced strain from Fig. 4(a) to Fig. 4(b) can be theoretically estimated based on the saturated domain switching states in ferroelectric ceramics. 11 Take the unpoled state as the reference (zero strain), the electric poling induced strain (in Fig. 4(a) The PZT-5H is a morphtropic ceramics whose strain properties are more close to the rhombohedral case. 12 So take the 0 S for rhombohedral crystal as 0.73% 12 , the compression induced ferroelastic strain is then estimated to be 0.054%, which is close to the measured value of 0.06% in Fig. 3(a) . Before and after the lateral compression, the electric properties of the uncut PZT samples were measured and listed in is attributed to the ferroelastic domain switching induced crystal symmetry change from transversally isotropic to orthogonal. On the other hand, after the lateral compression, although the remnant polarization keeps almost unchanged (seen in Fig. 3(b) ), both the relative dielectric  is attributed to the inactive domain walls after compression 15 , as a high stress can make the domains more stabilized than a large electric field 16 . -220pC/N for the measured value. Therefore, the obtained d36 mode in PZT ceramics is not pure under quasi-static conditions, which is similar to the case in relaxor-PbTiO3 single crystals 7 .
In order to check the purity of the dynamic d36 mode at the resonance frequency, sample 1 was cut into thin square patches with the dimension of 5.5 5.5 0.5 mm mm mm and its impedance spectrum was measured by an HP4294A impedance analyzer. Fig. 5(a) shows that a clean resonance appears at 199kHz, which corresponds to the d36 face-shear mode. Furthermore, a stronger resonance peak appears at 313kHz, as shown in Fig. 5(b) , which originates from the contour extensional mode due to 31 d . The dynamic deformations of the square patch were then 11 analyzed by using a finite element code (ANSYS) under a sine-wave voltage of 100V at the resonance frequencies of 199kHz and 313kHz, as shown in Fig. 5(c) and (d) where the color bar represents the Y-displacement. Obviously, the deformation at 199kHz is a pure face-shear mode, as shown in Fig. 5(c) . The animation of such face-shear mode is also given in the Supplemental Material 17 . In comparison, the deformation at 313kHz is a typical extensional mode. Therefore, the pure d36 mode in the compressed PZT ceramics can be excited at its resonance frequency although it is not pure under quasi-static conditions. HCM is grateful to Ms. Xi Chen (College of Engineering, Peking University, China) for her help in sample fabrication.
